extraction apparatus as applied to the assay of free fatty acids in plasma. With it, a smaller plasma sample is required, disposable glassware can replace acid-washed glassware, and the number of samples that one technican can assay per day is increasedfivefold. Theoretically, this apparatus can be appliedto all assay procedures requiring one or more extraction steps.
Many assays for substrates and hormones require one or more extraction steps, to increase the purity or concentration of the analyte. The extraction increases the difficulty and expense of the assay. Relatively expensive nondisposable extraction glassware is required, time is consumed, and a relatively large sample volume is needed.
Seeking to overcome these methodological problems, we developed the apparatus described here. During the last three years its use in our laboratory has resulted in significant savings both in technician time and assay expense.
Materials and Methods
Micro-scale Extraction Apparatus Figure 1 depicts the apparatus. Essentially, it consists of two parts: the vortex-mixer, obtained commercially, and the disposable test tube holder. The disposable test tube holder is fabricated from acrylate resin (Plexiglas) and bolted to the laboratory bench top (to prevent the apparatus from shifting when the mixer is on). The size of the apparatus can vary; the one pictured in Figure 1 holds six 13 X 100mm test tubes. The tubes are not in contact with the Plexiglas but rather are held firmly, attheir middle, by a pliable molded material (R.T.V. Silicone Rubber, series 630; General Electric, Waterford, N.Y.) This material is poured into a square-shaped mold containing six upright pegs, 13mm in diameter. After curing in the mold, the rubbery material is lifted out and sandwiched between two sheets of Plexiglass in which six holes, each 20mm in diameter, are drilled in a circular pattern. Thus, the test tubes are inserted from the top, down through the holes in the pliable material, and onto the vortex-mixer. A removable, weighted Plexiglas lid is then placed upon the tops of the test tubes and the mixer is turned on; the extraction is completed in mmutes.
Application to Assay of Free Fatty Acids
Most assays for free fatty acids in plasma, whether by colorimetry (1) (2) (3) or by use of radioactive tracers (4) (5) (6) , require an extraction step, to separate the fatty acids from albumin. 
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In our laboratory
we use the method of Dole and Meinertz (1) as modified by Duzicombe (2) . The advantage of this method is that free fatty acid concentration can be measured spectrophotometrically, without the need for a gamma counter. The main disadvantage of the original method was that the extraction step had to be performed by hand, and relatively large (2 ml) sample volumes were required. Glassware for this extraction step had to be acid washed because laboratory detergents (soaps) contain fatty acids that would be measured in the assay. Thus, this extraction step limited the number of samples that could be assayed to about 20 per day per technician. With our apparatus, disposable glassware (13 X 100 test tubes) can be used throughout the assay, and one technician can assay about 100 200-id samples per day. Our procedure is described below (see references 1 and 2 for other details). Reagents are stable for one week.
Step 1. To 200 il of plasma or serum in a 13 X 100 disposable test tube add 1.66 ml of Dole's extraction solution with a Repipettor (the extraction mixture contains 800 ml of isopropanol, 200 ml of redistilled heptane, and 20 ml of 0.5 molt liter H2S04). Vortex-mix briefly and add 666 l of water and 1ml of heptane. Place the test tubes in the apparatus and mix for 2 mm. Allow the tubesto set for 1 mm, to separate the phases.
Step 2. With a l0O0-jl micropipet, transfer 1.0 ml of the supernate to another 13 X 100 disposable test tube. Place this tube into a water bath at 60 #{176}C under dry nitrogen gas until evaporation is complete (about 30 mm; evaporate in a hood).
Step 3. To the residue add 1.66 ml of chloroform and 1 ml of copper sulfate reagent (90 ml of 1 mol/liter triethanolamine, 100 ml 64.5 g/liter Cu (N03)2-3 H20 solution, and 10 ml of 1 mol/liter acetic acid) and mix in the apparatus for 2 mm. Centrifuge the tubes for 5 mm at 2500 rpm, to separate the phases, and then aspirate and discard all the (blue) aqueous supranate. With a 1000-id micropipet, transfer 1 ml of the infranate to a 12 X 75 ml disposable test tube.
Step 4. Add 166 il of color reagent (100 mg sodium diethyl dithiocarbamate in 100 ml redistilled butanediol) to each test tube, vortex-mix briefly, and measure the absorbance at 440 nm within 30 mm, at room temperature vs. a water blank treated as a sample. Compare the readings to those for a standard curve made by diluting different concentrations of palmitic acid with redistilled heptane. Include a plasma control sample in each assay. Figure 2B shows results for serial dilutions of a patient's plasma with isotonic saline, assayed in triplicate.
Results
To be surethatthe original plasma sample had a very large concentration offreefatty acidswhich couldbe diluted, the patientwas given5000 USP units ofsodium heparmn, as a singleintravenousinjection 10 mm beforeblood sampling. Heparin activates endogenous lipoprotein lipase, with subsequent hydrolysis ofendogenoustriglycerides to glycerol and freefattyacids (7) . Although the free fatty acids in plasma exceeded 1400 mol/liter inthissample,a linear dilution curve was obtainedfor dilutions up to eightfold. When a plasma control was assayedin 10 sequential assays, the mean ± SD was 812±23 mol/liter. When this same standard was assayed five times insequenceby the conventional manual procedure, the mean ± SD was 820±49 imolfliter. The assay is sensitive tofreefatty acid concentrations as low as 100 Mmol/liter and can be used for concentrations up to 2000 imol/liter. Plasma samples with freefattyacidconcentrations exceedingthis shouldbe dilutedwithisotonic saline beforeassay.
Discussion
The apparatus described here has enabled us to improve on the originally published assay for free fatty acids (1,2) . The improvements include the need for a smaller volume of plasma (200 d, as compared to the original 3 ml), disposable glassware can be used, and accuracy and reproducibility are improved because all samples are uniformly extracted for the same length of time. Moreover, we now can assay a minimum of 100 plasma samples per day, as compared to 20 samples per day Fig. 2 . Typical values obtained on using the micro extraction apparatus shown in Fig. 1 A, absorbance forpalmltIc acid standards, diluted in heptane and assayed In triplicate. The equationfortheline derIvedfrom theobservedpoints was y = 0.58 x-10. r 1, P<0.0O1.
B, results forserIal dilutions of a plasma sample with saline, also assayed in triplicate. Regression equation: y 0.59 x -71. r = 1, p < 0.00 1 previously.
We currently utilize three such apparatuses simultaneously in our routine assay for free fatty acids.
The micro extraction apparatus described in this paper can be used for other assays. We have successfully used it for the routine radioenzymatic assay for catecholamines (9) . Although in this assay disposable 13 X 100mm test tubes are specified for the extraction step, the simultaneous use of three of our micro-scale extraction apparatuses semi-automates the mixing and significantly shortens the assay.
